The effect of surgeons' disrupted sleep on patient outcomes is not clearly defined.
S leep is a biological necessity. Lack of sleep is associated with impaired performance in many situations. 1, 2 To theoretically prevent medical errors, work-hour restrictions on surgeons in training were imposed. 3, 4 There are now proposals for similar work-hour restrictions on practicing surgeons. [5] [6] [7] [8] [9] Several studies found no association between surgeon sleep deprivation as assessed by operating the night prior to an operation or when surgeons report few hours of sleep and patient outcomes. [10] [11] [12] [13] Prior studies were limited because of small sample sizes and being from single academic institutions. Consequently, there is insufficient evidence to conclude that surgeon performance is compromised by insufficient sleep the night prior to performing surgery. 4 This study researches the association of operating the night before performing an elective cholecystectomy with complication rates when performed by community-based surgeons in 102 hospitals in Ontario, Canada.
Methods

Study Design and Setting
Residents of the province of Ontario, Canada (2012 population, 13 505 900), have universal access to hospital care and physician services. These encounters are recorded in large population-based health care databases, many of which are held at the Institute for Clinical Evaluative Sciences (ICES). This study used these data sources to conduct a surgeon-matched retrospective multicenter cohort study. This study was approved by the Sunnybrook Health Sciences Centre Research Ethics Board in Toronto, Ontario, Canada. Participant informed consent was not required for this study. The reporting of this study followed guidelines for observational studies (eTable 1 in Supplement).
Data Sources
Surgeon and patient characteristics were ascertained from 5 linked health care administrative databases. Diagnostic and procedural information for all hospitalizations and day procedures are recorded in the Canadian Institute for Health Information's discharge abstract and same-day surgery databases. From 2002 onward, the 10th edition of the Canadianmodified International Classification of Diseases (ICD-10-CA) system was used to record all diagnostic codes and the Canadian Classification for Health Interventions was used to record all procedural codes. Health claims for inpatient and outpatient physician services are recorded in the Ontario Health Insurance Plan database, in which claims start the process toward physician reimbursement. The ICES physician database has information on all physicians practicing in Ontario, including their demographics and educational backgrounds. The Registered Persons Database contains vital statistics for all Ontario citizens, including all-cause mortality. In Ontario, physicians receive payment for procedures performed, and the surgical codes are expected to be highly accurate-similar to other fee-for-service procedure codes. Cholecystectomy fee-for-service billing codes were cross-referenced with laparoscopic cholecystectomy procedure codes from the hospital record. When the 2 codes did not reconcile, the case was excluded. Databases are complete for all Canadian citizens residing in the province of Ontario. All the variables in the data set are 100% complete, with the exception of rural vs urban hospital status, which is missing in 2.3% of surgeries. All missing values for this variable are assumed to be urban in the analyses of this study. These databases have been used extensively to conduct surgery research, including studies on cholecystectomy. [14] [15] [16] [17] All diagnostic and procedure codes used for variable definitions are presented in eTables 2 through 7 in Supplement.
Selection and Matching
All elective daytime laparoscopic cholecystectomies performed by a surgeon on a nonholiday weekday, between April 1, 2004, and March 31, 2011, were identified. Cholecystectomy was studied because it is one of the most frequent surgeries performed in Ontario (≈ 25 000 yearly) and errors attributable to disrupted sleep occur in common and routine tasks. 18, 19 Cholecystectomy is performed by general surgeons who tend to operate at night more often than other types of surgeons. Elective laparoscopic cholecystectomy was defined as having started between the hours of 7 AM and 6 PM.
Procedures performed at teaching hospitals were excluded because disruption related to house staff was unknown. At-risk surgeries were defined as those performed by communitybased surgeons who had worked the night before, determined by the surgeon billing for a nonelective operation between midnight and 7 AM the previous night. Each at-risk surgery was matched with 4 other laparoscopic cholecystectomies performed by the same surgeon in the same year, when that surgeon had not worked the night before. Matching was conducted without replacement. Each surgeon could have multiple matched sets of procedures.
Surgical Complications
The primary outcome was conversion from a laparoscopic cholecystectomy to open cholecystectomy. Although not always considered a complication, conversion to open cholecystectomy may serve as an aggregate end point for many complications. Patients view conversion to an open procedure as an unwanted outcome. Secondary outcomes were death or evidence of an iatrogenic injury within 30 days of surgery. Each outcome was analyzed separately. The composite outcome of iatrogenic injuries was defined by codes for accidental puncture or laceration and included injury to the bile duct, bowel, or major blood vessel (eTables 2 and 3 in Supplement).
Statistical Analyses
All statistical analyses were performed at the ICES using SAS Statistical Software, version 9.3 (SAS Institute Inc). P values for all analyses were 2-sided with a significance threshold of 5%. Baseline characteristics were compared after matching, associated P values were calculated using the Cochrane Q test for binary variables, and repeated-measures analysis of variance was used for continuous variables to account for the 4-to-1 matching. To estimate the association between laparoscopic cholecystectomy performed by a surgeon who operated the night before (yes/no) and each cholecystectomy complication (yes/no), a gen-eralized estimating equation was used. This analysis accounted for multiple surgeries performed by the same surgeon and controlled for 8 patient and hospital characteristics potentially influencing surgical outcomes: patient age, sex, and history of diabetes, chronic liver disease, acute pancreatitis, morbid obesity, and abdominal surgery; and rural hospital. All patient medical characteristics were identified using administrative health care codes (eTables 4-7 in Supplement) appearing for a patient within 5 years prior to cholecystectomy, except for acute pancreatitis, which was considered as a medical comorbidity if it was present within 1 year prior.
Results
There were 94 183 elective daytime cholecystectomies that met inclusion criteria, of which 2078 were performed by a surgeon who had operated the night before. These at-risk procedures were randomly matched to 8312 procedures performed by the same surgeon in the same year but on days when the surgeon had not operated the night before, resulting in a total sample of 10 390 procedures performed across 102 hospitals by 331 different community-based surgeons.
Surgeon Characteristics
The age (mean [SD] ) and sex of the surgeons at the time of cholecystectomy was 48 (10) 
Patient and Hospital Characteristics
Patient and hospital characteristics of the 2 groups of matched cholecystectomies are presented in Table 1 . As shown, patient and hospital characteristics for the 2 groups of cholecystectomies were generally well balanced. Patient age (mean [SD]) was 49 (16) years. In the group of surgeons who operated the night before, 73.4% (1526) of surgeries were performed by women and 2.3% (48) of procedures were performed in rural hospitals (those in which a community surgeon operated in a rural community with a population of <10 000 individuals).
In the group of surgeons who had not operated the night before, 73.7% (6123) of surgeries were performed by women and 2.6% (216) of procedures were performed in rural hospitals. The outcomes for the 2 groups of matched cholecystectomies are presented in Table 2 . There were 46 of 2031 (2.2%; 95% CI, 1.6%-2.9%) procedures performed by a surgeon who operated the night before, which required conversion to an open procedure. Open conversion occurred in 157 of 8124 (1.9%; 95% CI, 1.6%-2.2%) cases performed without evidence that the surgeon had operated the night before. These rates were not statistically different. Adjustment for patient and hospital factors yielded odds of undergoing a conversion to open cholecystectomy of 1.18 (95% CI, 0.85-1.64; P = .33) for surgeons operating when they had performed procedures the night before compared with procedures when they had not operated the night before. There were 14 of 2031 (0.7%; 95% CI, 0.3%-1.0%) procedures performed by a surgeon who operated the night before that were associated with iatrogenic injuries. Iatrogenic injuries occurred in 72 of 8124 (0.9%; 95% CI, 0.7%-1.1%) cases performed without evidence that the surgeon had operated the night before. These rates were not statistically different. Adjustment for patient and hospital factors yielded odds of experiencing an iatrogenic injury of 0.77 (95% CI, 0.43-1.37; P = .37) for surgeons operating when they had performed procedures the night before compared with procedures when they had not operated the night before.
Fewer than 5 (≤0.2%) patients died (privacy regulations disallow reporting of absolute numbers ≤5) when operated on by surgeons who had operated the night before the procedure. There were 7 of 8124 (0.1%; 95% CI, 0.0%-0.2%) patients who died when operated on by surgeons who had not operated the night before (Table 2) .
Discussion
In this population-based, matched study of 331 community surgeons operating in 102 hospitals in Ontario, Canada, there was no evidence that operating the night before was associated with conversion to open cholecystectomy, risk of iatrogenic complications, or death for elective laparoscopic surgery performed the next day.
Results in Relation to Other Studies
Our findings are similar to 4 previous studies of sleep and surgical outcomes. Taken together, research in this area has not shown a relationship between complication rates and surgeon sleep the night before an operation is performed. [10] [11] [12] [13] Observational studies found no association of surgeon sleep deprivation on patient outcomes in cardiac surgery (sleep deprivation defined respectively by operating the night before and hours of sleep the night before). 10, 11 Outcomes are unaffected by trauma surgeons' overnight shifts and operations performed the next day. 13 When attending surgeons in an academic setting operate the night before, surgical outcomes are not different than when they had not operated the night before.
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Strengths and Limitations
This study has several strengths. To the authors' knowledge, this is the first population-based study to examine the association between surgeons operating the night before a major elective surgery and patient outcomes. In contrast with other studies of surgeon sleep and outcomes, academic hospitals were excluded. This was to avoid confounding related to resident trainees' participation in patient care. This study focused on a single, common operation with its associated complications rather than a heterogeneous group of procedures. Prior studies suggest that mundane and monotonous tasks are the most susceptible to the effects of sleep deprivation. 18, 19 Our research protocol, cohort, and outcomes were prespecified, patient characteristics of the 2 comparison groups were well balanced, and matching procedures performed by the same surgeon avoided the confounding influence of surgical expertise or hospital setting. We studied a large number of operations and events, providing good statistical precision. Our large, population-based study of community practices provides high-quality evidence regarding surgical outcomes. It is unlikely that a randomized controlled trial will ever be conducted on the effect of sleep deprivation on surgical outcomes.
There are limitations of our data sources and study. Although Ontario surgeons receive a premium and bill accurately when they operate urgently between 12 AM and 7 AM, the times and length of the overnight procedure and also how fatigued the surgeon truly was when starting elective cases the next day were unknown. It is possible some surgeons cancelled elective daytime procedures when they were too fatigued. Alternatively, some elective procedures may have been performed by surgeons who were sleep deprived for reasons other than operating the night before.
Study Implications
Policies limiting attending surgeon work hours are controversial. Critics suggest such policies reduce continuity in care, increase communication errors, and introduce the potential for a bystander effect (in which one surgeon may expect another to bear the burden for authority and responsibility). 20 Restructuring health care delivery to prevent surgeons operating during the day after they operated the previous night would have important cost, staffing, and resource implications. 21, 22 One estimate is that health care costs could increase by more than $1 million per life saved if all physicians were constrained by work hour restrictions. 21 In some rural underserved areas, restricting surgeon work hours may not be possible without making care unavailable.
Conclusions
We found no significant association between conversion to an open cholecystectomy, risk of iatrogenic complications, or death for elective daytime laparoscopic cholecystectomies and whether the surgeon had operated the night before. These findings do not support safety concerns related to surgeons operating under these conditions.
